Effects of single-pulse (< or = 1 ps) X-rays from laser-produced plasmas on mammalian cells.
The effects of low linear energy transfer (LET) radiation on mammalian cells have been studied at dose-rates as high as 10(9) Gy/sec delivered as a single 3-nanosecond pulse, and no increase in cytotoxicity was shown compared with delivery at a conventional dose-rate. There have been no observations on the effects of radiation delivered at even higher dose-rates on the picosecond time-scale. Here we examined, for the first time, the effects on cultured mouse L5178Y cells and its radiosensitive XRCC4-deficient mutant M10 cells of sub-picosecond X-rays emitted from laser-produced plasmas at the ultrahigh dose-rate of 10(12)-10(13) Gy/sec. No increase in the sensitivity to the X-rays was observed compared with gamma-rays at a conventional dose-rate. The increase in the sensitivity of L5178Y cells by labeling with 5-iododeoxyuridine was smaller than those irradiated with gamma-rays at a conventional dose-rate, while the difference was apparently the reverse in M10 cells. The D10 ratio between L5178Y cells and M10 cells produced by the X-rays at temporally dense ionization was the same as that produced by X(gamma)-rays at the conventional dose-rate, while the ratio is greatly reduced in the case of particle radiation. These results suggest that there is no increase in the cytotoxic effects of X-rays at dose-rates as high as 10(13) Gy/sec, and that the increased cytotoxicity of particle radiation is not attributable to temporally dense ionization. It is discussed that the mechanism for the induction of radiation damage responsible for cytotoxicity may be slightly modified at ultrahigh dose-rates.